Study Objectives: To determine whether older people with age-related sleep maintenance problems have significantly lower melatonin levels than comparable normal sleepers. Design: Case-control study. Setting: A largely urban population, Auckland, New Zealand. Participants: People over the age of 65 years, who either slept normally, or had age-related sleep maintenance problems. Participants were recruited through media advertising, and local interest groups. Initial screening was by mail (Pittsburgh Sleep Quality Index), followed by interviews at a hospital day clinic. Exclusions included those with depression, cognitive impairment, medical and/or environmental problems which might impair sleep.
INTRODUCTION

MELATONIN (N-ACETYL-5-METHOXYTRYPTAMINE) IS A HORMONE PRODUCED DURING THE HOURS OF DARKNESS BY THE PINEAL GLAND.
From very low daytime levels an increase in plasma melatonin occurs in the evening, peaking between 01:00-05:00h, and becoming barely detectable again by about 09:00-10:00h Secretion in many animals is truly photoperiodic, that is it is influenced by the length of the day/night cycles during the year. In humans this photoperiodicity may be partially distorted by artificial lighting 1,2,3 but can be sustained in subjects maintained for long periods in artificial short or long days. 4 Although plasma melatonin levels in older people are reported to be lower than younger people 5, 6, 7, 8 plasma levels vary widely in all ages. Some older people have relatively high levels of melatonin, others have significantly reduced levels, and a few have no evidence of melatonin secretion.
The effects of reduced melatonin levels are still uncertain, as is the potential of melatonin supplementation. Studies in younger participants have demonstrated the efficacy of melatonin as a mild sedative and sleep-promoting agent using various doses, especially if administered during daytime 10, 11, 12 although administration may 13, 14 or may not 15, 16 alter normal sleep. Melatonin administered to older people with sleep problems has shown conflicting results. Improvement in sleep quality has been reported particularly with controlled release melatonin 17, 18, 19 but others suggest that only sleep latency (time from lights out to falling asleep) is reduced and sleep efficiency improved 20, 21 .
Age-related problems in sleeping are well described, and are more prevalent in women. 22, 23 For many, aging is associated with decreased total sleep time, increased sleep latency, and more awakenings particularly in the latter stages of the night (problems with sleep maintenance). Others have problems in sleeping for different reasons, for instance poor health, anxiety or depression, or a less than optimal environment.
The object of this research was to investigate whether older people with age-related sleep problems do secrete significantly less melatonin than those who report normal sleep patterns. If this were the case, it would support the widespread but unproved belief that supplementary melatonin improves quality of sleep in this age group.
METHODOLOGY
Data were collected between May 1997 and October 1998, and are part of a larger study, the PROMISE (Possible Role of Melatonin In Sleep of Elders) study, designed to examine a number of possible relationships between melatonin and sleep in older people.
The study was approved by the Ethical Committee of North Health, the Northern Region of the Health Funding Authority of New Zealand.
Definitions
For the purposes of this study the following definitions were used:
Older people: People over 65 years of age. Normal sleepers: Older people who perceived that they slept normally, and that sleep quality had not altered as they aged. Interview and screening instruments described below supported this perception.
Age-related sleep maintenance problems: Older people who reported bed-times normal for age (between 22:00 and 24:00h), normal or delayed sleep latency, and who reported significant problems in maintaining sleep after an initial sleep phase. This group perceived that sleep quality was reduced with advancing age. Participants reported normal sleep quality during young and middle age to at least age 50 years, with gradually deteriorating quality of sleep later in life. Screening instruments and interviews identified no other explanation for poor sleep.
Recruitment
Participants were recruited largely from the North Shore area of Auckland, New Zealand, which has a population of approximately 34,000 people over the age of 65 years. Requests for an expression of interest in participating in the study were made via the media (newspaper articles, advertisements, and talk-back radio); presentations to retirement villages and local interest groups such as 60's Plus, Grey Power, and bowling clubs; letters to family doctors; and through a promotional pamphlet advertising the study.
Screening
People interested in participating in the study made initial contact with the study co-ordinator identifying themselves either as normal, or problem sleepers. Some, mostly problem sleepers, were excluded after a brief discussion, usually because they were taking hypnotics, were younger than 65 years, or clearly had health problems interfering with sleep. The remainder were sent the Pittsburgh Sleep Quality Index (PSQI) questionnaire to be completed and returned by mail. 24 The PSQI has been validated for older people 25 and generates a global score after identifying seven components relating to sleep quality, sleep latency, sleep duration, habitual sleep efficiency, sleep disturbance, use of sleeping medication, and daytime dysfunction. A PSQI score of over five indicates people with a sleep disorder, but not the reason or type of problem.
If participants appeared eligible for the study they were invited to attend a clinic interview. Here screening of all participants followed standard protocols which measured weight and height, the Mini Mental Status Examination (MMSE), 26 and the Geriatric Depression Score (GDS), 27 followed by an interview with a medical practitioner. At this interview responses to the screening instruments and questionnaires were reviewed, together with details of health issues which might interfere with sleep, including medications and stimulants such as caffeine and alcohol. A blood sample was taken to provide a hematological profile, to measure serum creatinine, and to screen for hepatitis. Body Mass Index (BMI) was calculated from weight (kilograms)/height 2 (metres). Creatinine clearance was estimated using the Cockcroft and Gault formula, 28 validated for older people, 29 adjusting for the subject's age, sex, serum creatinine, and weight.
Exclusions
Exclusion criteria were: a) a score of below 26 (out of 30) points on the MMSE, as diminished cognitive function may result in difficulty in adhering to instructions when involved in the study, and because low melatonin levels have been reported in people with Alzheimer's type dementia; 30, 31, 32 b) a score of greater than six on the GDS, indicating possible depression as depression is widely recognized as a cause of sleep disturbance; c) sleep problems which were not age-related or indicated another sleep disorder; 33 d) where sleep hygiene was deemed to be the main problem (such as inappropriate bed-times, noisy or otherwise unsuitable environment); e) any medical condition which significantly interfered with sleep (minor or intermittent problems were not excluded), including any symptoms that might suggest sleep apnoea; f) any alterations in medication during the study; g) if any drug was taken as a hypnotic; h) creatinine clearance less than 0.41ml/sec, as sulphatoxymelatonin (aMT6s) excretion is validated as an accurate estimate of melatonin secretion for clearances above this value; 9 or i) evidence of anemia, or positive hepatitis serology (a possible risk to staff).
People taking other medications were not excluded from the study on this account alone, even if they may potentially modify melatonin production. It was argued that a large number of older people take medications in various combinations, and that any effect on melatonin secretion and sleep would remain the same throughout the period of the study. However, where any reason shown as a) to h) above remained in spite of taking such medications, the person was excluded.
Classification into Sleep Group
Classification as normal or age-related sleep maintenance problems (problem sleeper) was a clinical decision made at interview. Where the PSQI score was close to "borderline" and the sleep category generated seemed inconsistent with that reported at interview, the subject was allocated a sleep category based on a clinical decision. This decision was based on reported features of sleep patterns, for example sleep latency, numbers of awakenings, and deterioration in sleep quality after 50 years of age.
Estimation of Melatonin Secretory Profile
Melatonin secretion was estimated by measuring its principle metabolite, 6-sulphatoxymelatonin (aMT6s), in the urine of each subject. A 24 hour urine collection was arranged in three aliquots: 12:00-19:00h, 19:00-17:00h, 07:00-12:00h. Participants were issued with suitable instructions and receptacles for collection, in an insulated container containing ice packs. They were asked to maintain their usual routine during the collection period, including avoidance of a light at night for collection unless their usual habit included using a light when toiletting at night. If errors were made, the 24-hour collection was repeated.
In order to check for possible collection errors at home, including unreported exposure to light during the night, one third were randomly selected for closer supervision. This group started their supervision at 12:00H, and came into an outpatient section of the hospital at about 16:00h, and stayed overnight under close supervision until after 09:00h. Once participants had retired for the night light exposure was monitored with a highly sensitive illuminance meter (Minolta T-1) to ensure that light exposure was less than one lux. Some then elected to return home and return at 12:00h to complete the collect, and others stayed until completion.
Each aliquot of urine was measured, and a 10ml sample taken from each. Then all three samples were combined, thoroughly mixed, the volume measured, and a further 10ml sample taken. Thus four samples from each volunteer were available: U 1 (12:00-19:00h, 7 hours), U 2 (19:00-17:00h 12 hours), U 3 (07:00-12:00h, 5 hours), and U Total (12:00-12:00h, 24 hours).
Urine samples were stored at -20 degrees centigrade, and transported frozen to Stockgrand Ltd., Guildford, United Kingdom for assay, unrevealed as to sleep quality. Sulphatoxymelatonin (aMT6s) was measured by radioimmunoassay. 34 In reporting data, U 4 was calculated by combining data of U 1 , U 2 , and U 3 , and these estimations were checked against the volumes and aMT6s estimations of the combined urine samples (U Total ). Urinary aMT6s estimations from each aliquot were reported as µg/collect. Night/day ratios were calculated from aMT6s estimations (µg/hour) for U 2 :(U 1 +U 3 ), and U 2 :U 1 .
Power and Sample Size
Sample size calculations were estimated from an earlier pilot study. These calculations showed that in order to demonstrate a 70% difference in mean 24 hour aMT6s levels, a minimum of 50 participants would be required in each group (α = 0.05, β = 80%). We therefore aimed to recruit 60 participants in each group, to allow for up to 20% dropout after entry into the study.
Statistical Analysis
Data management and statistical analysis were conducted using SAS Version 6.12. 35 Statistical comparisons of total aMT6s excreted per collect, estimated total excretion for 24 hours and night/day ratios were undertaken using t-tests of the log-transformed raw data since the distributions of all aMT6s variables were positively skewed. The logged mean was then back-transformed and the geometric mean reported with 95% confidence intervals. 36 Confirmatory analyses were undertaken using a repeated measures regression model using the logarithm of the mean hourly rate of melatonin excretion.
RESULTS
After an initial telephone discussion, a number of participants were excluded because they clearly did not meet the study criteria. In all 414 people volunteered for the study: 220 were excluded before completing the PSQI based on information given during direct contact, or by phone and/or post. A further 74 were excluded after completing the PSQI.
Sixty normal sleepers, and 60 age-related sleep maintenance problem participants, were entered into the study. In general the clinic interview-generated classification corresponded well with PSQI scores. However 11 of the 60 classified as normal sleepers had marginally high PSQI scores [6] [7] even though they perceived themselves to be normal sleepers, the PSQI threshold for abnormal sleep being greater than five. Three of sixty with "poor" sleep scored below the threshold [4] [5] Fifty-seven normal sleepers completed the urine collects (one withdrawing because of ill health, and two due to protocol violations); and 53 problem sleepers completed urine collections (two withdrew due to ill health, two for personal reasons, two with protocol violations, and one urine sample was lost). Table 1 shows that the demographic characteristics of the group were well matched at baseline for age, sex, medications, BMI, alcohol, and caffeine consumption.
Details of sleep parameters recorded at the screening are given in Table 2 , and demonstrate that the problem sleepers reported poorer sleep quality on several measures: one and a half hours shorter sleep time, 17 minutes longer spent in bed, 9 minutes longer sleep latency [time to sleep minus time to bed], 75% more awakenings (mean number 1.2 in normal sleepers, and 2.1 in problem sleepers), 32% lower sleep efficiency [time asleep over time in bed (lights out to final get up time)], and 32% lower sleep percentage [time asleep over time trying to sleep (lights out to final wake up)]. Mean PSQI scores were significantly higher for problem sleepers. 2.17, 3 .08) in normal and problem sleepers respectively. There was a wide variation in aMT6s 24-hour excretory rates and levels amongst participants in both sleep groups, and no significant differences between groups. Nor was there a difference between each group in total night-time excretion (U 2 ), afternoon (U 1 ), or morning (U 3 ) excretory rates. When analyses were repeated including only those people not taking any medications (shown in Table 1 ), there were no meaningful changes to the results. Nor was there any difference in melatonin excretion when the categories of normal and abnormal sleep were classified solely by the PSQI.
There was no significant difference between data obtained from the urine collected by participants at home compared with those collected under supervised conditions, mainly within the hospital environment.
In the repeated measures analysis, no difference was seen between the two sleep quality groups, confirming the univariate analyses.
DISCUSSION
This study of sleep in older people found no relationship between age-related sleep maintenance problems and 6-sulphatoxymelatonin (aMT6s) levels, measured as an index of plasma melatonin secretion. There was no significant difference in mela- tonin levels between normal and problem sleepers in 24-hour melatonin secretion, night secretion, or night/day ratios. This result agrees with another study of very similar design and subject numbers, 37 and is not a result of inadequate power. In a group of 68 participants with insomnia or depression studied with polysomnography and actigraphy urinary aMT6s output was not a predictor of good sleep. 38 A similar result was reported in a group of 70 elderly women insomniacs. 39 Comparable results were found in a study of just seven older people, except that two participants showed a small but significant relationship between plasma melatonin area under the curve (AUC) and rapid eye movement (REM) latency and duration. 40 Contrary to the above findings, Haimov et al. reported that peak aMT6s excretion was significantly lower in a small group (n=8) of older people with sleep problems living independently compared with normal sleepers of similar age (n=25). 41 They also reported lower peak aMT6s secretion in a further group of older people living in a nursing home, but the mean age of that group was nine years older than control and this alone could have accounted for the differences.
Participants in the study were not randomly selected but were volunteers and we employed a wide range of recruitment strategies to attract a mix of participants. The study sought to identify one group of older people who might present to their physician complaining of poor sleep which can only be explained as agerelated sleep maintenance problems, and another group who do not claim to have sleep problems. People already on hypnosedatives were excluded. Whilst this group may represent those with the most severe sleep problems these would not necessarily be solely age-related. The object of our study was to look for any relationship between age-related sleep maintenance problems and melatonin secretion. Subjects were included as problem sleepers only if there was a clear age-related decline in sleep function from around 50 years of age. However, recognizing that almost all older people sleep less well than younger people, and almost all those with sleep maintenance problems also have minor potentially contributing factors, we chose to include those with minor health problems.
Participants in the study were carefully screened to ensure that they met the criteria for normal sleep or age-related sleep maintenance problems. We included those who were taking medications known to suppress or enhance melatonin secretion if they had been on these drugs for some time, and if they continued to take them for the duration of the study. This included one person on a low dose of a tricyclic antidepressant who was not depressed on study criteria. After this subject alone, then all people taking medications were excluded, there was no significant difference in the results.
The study hypothesis proposed that melatonin levels would be significantly lower in older people with age-related sleep problems compared with normal sleepers of similar age. The results showed that this was not the case in the population studied. While every effort was made to recruit participants who were correctly classified as normal or problem sleepers we did not use polysomnography or actigraphy in the screening process and recognise the relatively imprecise nature of the sleep measures used. Polysomnography was not available to us as a research tool, and we did not have sufficient numbers of actigraphs with which to screen such a large number of subjects. Furthermore, we argued that subjects should, as far as possible, be representative of older people who present to their physician for help with their sleep problem and would be unlikely to have ready access to sleep laboratories. The PSQI, which has been validated against polysomnography, is not specifically designed to identify age-related sleep maintenance problems. Although it served as a useful screening instrument, some borderline PSQI categories varied from the sleep characteristics identified at interview. When the results were reanalysed using solely the categories generated from the PSQI there was again no difference in melatonin levels between normal and problem sleepers. It was of interest that 11 of 60 participants reporting "normal" sleep had marginally high PSQI scores. If indeed they had had minor sleep abnor- malities, which had not altered with age, they may have perceived that their sleep had always been and remained "normal." A variety of physiological and degenerative changes, alone or in combination is thought to lead to reduced melatonin levels. There is a complex neural pathway between the retina and the pineal gland, which is likely to be susceptible to age-related degeneration and certain diseases. Nocturnal pineal secretion of melatonin is under control of the sympathetic nervous system. The neural pathway from the retina passes centrally via the suprachiasmatic nuclei and the paraventricular nucleus, then via the spinal cord superior cervical ganglia to the pineal gland to activate neurochemical transduction mechanisms. 42 Degeneration of these pathways from retina to pineal gland, and/or reduction of pinealocyte β-adrenergic receptor functions may contribute to lower plasma melatonin levels. At autopsy fibrous tissue and calcium deposits largely replace the pineal gland of some older people and this could result in reduced melatonin levels. Availability of serotonin, the precursor of melatonin, poor illuminance perception, and some medications are other possible causes of reduced production in older people.
The fact that older people in general have significantly lower melatonin levels than younger age groups poses important questions. Firstly, what is a "normal" melatonin secretory profile for an older person? Besides the total amount of melatonin secreted over a 24-hour period, or at night, other secretory parameters may change with age, for example time of onset, or the shape of the 24-hour secretory curve. None of these is yet well described.
Secondly, are there roles for melatonin in older people other than sleep? Some roles currently under investigation are related to many of the increased health problems of old age (e.g. immunocompetency, carcinoma, epilepsy, and pain). 44 Will melatonin eventually prove to be of more importance in these areas than in sleep?
Thirdly, will supplementary melatonin improve sleep of older people, even in those who report "normal" sleep, and even if melatonin levels are relatively "high?" Work published to date suggests that when supplementary melatonin is given to older people with age-related insomnia only sleep latency is significantly improved, 45 or that sleep efficiency as measured by actigraphy is improved. 18 This question is addressed as part of our larger PROMISE study, and results will be reported separately.
In summary, this study showed that older people with agerelated sleep maintenance problems do not have lower melatonin secretory levels than age matched normal sleepers. More work is required to identify whether melatonin has any role in the quality of sleep in older people, either in those reporting normal sleep or those with age-related sleep maintenance problems.
